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These include (1) carotid sinus baroreceptor dysfunction,
(2) increased cerebral and peripheral norepinephrine pro-
duction, and (3) increased cerebral renin production.12-14
The operative procedures for carotid stenosis differ in that
the eversion technique requires an oblique circumferential
incision of the internal carotid artery (ICA) at the carotid
bulb and transection of the carotid sinus nerve fibers. With
s-CEA, the longitudinal arteriotomy is generally on the
anterior surface of the common carotid artery (CCA) and
the ICA, thus limiting the dissection and disruption of the
carotid sinus nerve fibers. In this study, the incidence of
postoperative HTN after e-CEA was compared with that
after s-CEA.
MATERIALS AND METHODS
From January 1998 to January 2000, 217 patients
underwent 219 CEAs by either standard (137) or eversion
(82) techniques. Sixty-eight patients were symptomatic
and 151 asymptomatic with high-grade (>80%) carotid
artery stenosis. All cases were done under general anes-
thesia, and somatosensory-evoked potentials were used for
cerebral monitoring during the procedure. The selection
of CEA technique and the criteria for shunting were left to
the discretion of the four experienced vascular surgeons
performing the procedures. During a 2-year period, as the
surgeons became facile with the eversion technique, it
became the preferred method.
Baseline blood pressures were recorded in all patients
during presurgery testing 1 to 2 weeks before the CEA.
Patients with a known history of HTN were treated with
Several randomized studies have validated the use of
carotid endarterectomy (CEA) for management of hemo-
dynamically significant symptomatic and asymptomatic
carotid artery stenosis.1-3 Surgical treatment of critical
carotid stenosis may be achieved through either a stan-
dard longitudinal endarterectomy (s-CEA), or eversion
endarterectomy (e-CEA). Prospective randomized tri-
als4,5 as well as large, individual series,6-8 have analyzed
the incidence of postoperative recurrent stenosis, occlu-
sion, stroke, and death following either of these two tech-
niques. However, the difference in the incidence and
severity of postoperative hypertension (HTN) after CEA
by the two techniques has not been compared.
Postoperative HTN after CEA has been reported in
19% to 56% of the patients.9-11 These alterations in blood
pressure remain dangerous complications of the procedure
that can lead to stroke, myocardial infarction, and death.
Although the cause and mechanisms of post-CEA HTN
remain unclear, several theories have been postulated.
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Objective: The incidence of postoperative hypertension (HTN) after eversion carotid endarterectomy (e-CEA) was com-
pared with that after standard carotid endarterectomy (s-CEA).
Methods: In a retrospective analysis from January 1998 to January 2000, 217 patients underwent 219 CEAs for symp-
tomatic (68) or asymptomatic (151) high-grade (>80%) carotid artery stenosis by either standard (137) or eversion
(82) techniques. The eversion technique involves an oblique transection of the internal carotid artery at the carotid
bulb and a subsequent endarterectomy by everting the internal carotid artery over the atheromatous plaque. All pro-
cedures were done under general anesthesia, and somatosensory-evoked potentials were used for cerebral monitoring.
Patients with s-CEA were compared with those with e-CEA for postoperative hemodynamic instability, carotid sinus
nerve block, requirement for intravenous vasodilators or vasopressors, stroke, and death.
Results: Patients who underwent e-CEA had a significantly (P < .005) increased postoperative blood pressure and
required more frequent intravenous antihypertensive medication (24%), compared with patients having an s-CEA (6%).
Furthermore, postoperative vasopressors were required after 10% of s-CEAs, but after none of the e-CEAs. No statis-
tically significant difference was noted in the morbidity or mortality of patients after s-CEA and e-CEA.
Conclusion: e-CEA is a substantial risk factor for HTN in the immediate postoperative period, when compared with the
s-CEA. This difference would be even more remarkable in the absence of antihypertensive medications in the e-CEA
group and vasopressors in the s-CEA group. Therefore, particular attention should be focused on diagnosing and con-
trolling postoperative HTN in patients after e-CEA. (J Vasc Surg 2001;34:839-45.)
one or more antihypertensive drugs (mean, 1.5) up until
the day of surgery. There were no instances of uncon-
trolled preoperative HTN. Postoperatively all patients
remained in the postanesthesia care unit for at least 6
hours, and their vital signs were monitored continuously.
During this time, HTN (systolic blood pressure > 200 mm
Hg or a >40% rise above normal) and hypotension (sys-
tolic blood pressure < 90 mm Hg or >40% drop below
normal) were treated with intravenous vasodilators
(nitrates) and vasopressors (neosynephrine), respectively.
Subsequently, when the patients’ blood pressures stabi-
lized and they no longer required intravenous antihyper-
tensives drugs, they were transferred to the surgical floor.
Most patients were routinely discharged from the hospital
on the first postoperative day.
The charts were retrospectively analyzed and patients
were divided into two groups based on the technique of
CEA—standard, or eversion. The exclusion criteria were
emergent CEAs, redo-CEAs, and CEAs combined with
coronary bypass grafting surgery. s-CEA and e-CEA were
compared for the following variables: (1) systemic blood
pressure measurements in the postoperative period, (2)
intraoperative use of lidocaine for carotid sinus nerve
blockade, (3) postoperative use of intravenous vasodilators
or vasopressors, and (4) postoperative morbidity including
neck hematoma, myocardial infarction, stroke, and death.
Operative technique
Standard CEA. The technique of s-CEA has been
previously described.15 The CCA, ICA, and external carotid
artery (ECA), were exposed through an oblique incision
parallel to the anterior border of the sternocleidomastoid
muscle. Manipulation of the carotid body at the carotid
bifurcation was avoided. However, when bradycardia and
hypotension occurred during the dissection, 1% lidocaine
was injected locally within the adventitia of the carotid body
at the carotid bifurcation. After systemic heparinization, the
CCA, ECA, and ICA were clamped. A longitudinal arteri-
otomy was made in the CCA and extended to the ICA, dis-
tal to the end of the atherosclerotic plaque. This was
followed by a meticulous CCA, ECA, and ICA endarterec-
tomy. Tacking down of the distal ICA intima, as well as the
use of a patch for closure of the arteriotomy, were at the dis-
cretion of the surgeon. After obtaining complete hemosta-
sis, the incision was closed.
Eversion CEA. The technique of e-CEA has been
previously described.6,8,16,17 The CCA, ECA, and ICA
were exposed in a fashion similar to the standard tech-
nique. However, the proximal ICA at the carotid bifurca-
tion was mobilized circumferentially to facilitate its
transection from the CCA at the carotid bulb. During this
approach, carotid sinus nerve fibers derived from the glos-
sopharyngeal nerve and innervating the carotid body
within the adventitia of the proximal ICA were routinely
divided. After systemic heparinization, the CCA, ECA,
and ICA were clamped. The ICA was obliquely transected
at the carotid bulb and everted over the atherosclerotic
plaque. After completion of the endarterectomy, the distal
intima was tacked down using 6-0 or 7-0 polypropylene
sutures when necessary. While the ICA remained everted
on itself, interrupted U stitches were placed through its
inner and outer walls. The everted ICA was brought down
to its normal anatomic position and the tacking stitches
tied down. When substantial atherosclerotic disease
extended into the distal CCA, a longitudinal arteriotomy
was extended laterally over the CCA, and endarterectomy
performed. Subsequently, the ICA was reanastomosed to
the distal CCA or more proximally if there was redun-
dancy or coiling of the ICA. After obtaining complete
hemostasis, the incision was closed.
Data analysis. Student t test was used to compare
the group’s baseline characteristics and continuous mea-
sures. χ2 statistical analysis was used to compare the
groups with regard to sex, presence of symptomatic or
asymptomatic ICA stenosis, intraoperative administration
of lidocaine for carotid sinus nerve blockade, postopera-
tive need for intravenous vasodilators and vasopressors,
and postoperative incidence of neck hematoma, myocar-
dial infarction, stroke, and death. Repeated measures
multivariate analysis of variance was used to compare
groups on systolic and mean blood pressure across preop-
erative and postoperative time intervals. All statistical tests
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Fig 1. Mean preoperative and postoperative peak systolic blood pressures at hours 1 through 6 and hour
24 in patients with s-CEA and e-CEA.
were 2-tailed, and P values less than .05 were considered
to represent statistical significance. Statistical analysis was
performed using the Statistical Analysis Software program
(SAS Institute, Cary, NC).
RESULTS
During a 2-year period, 219 CEAs were performed by
either the standard (137) or eversion (82) technique for
symptomatic (68) and asymptomatic (151) high-grade
carotid artery stenosis. The mean age was 73 years. Men
comprised 62% of the population. Patient demographics
are listed in Table I; coronary artery disease, HTN, and
diabetes were prevalent in 87 (64%), 92 (67%), and 35
(26%) of the patients undergoing s-CEA and in 41 (50%),
53 (65%), and 26 (32%) of the patients undergoing e-
CEA, respectively.
Twenty-six patients (19%) in the s-CEA group and 16
patients (20%) in the e-CEA group had 1% lidocaine
injected at the carotid sinus to blunt the response of
bradycardia and hypotension that developed during
manipulation of the carotid bifurcation (Table II). In the
postoperative period, patients in the e-CEA group had sig-
JOURNAL OF VASCULAR SURGERY
Volume 34, Number 5 Mehta et al 841
nificantly (P < .005) higher mean peak systolic blood pres-
sures when compared with the s-CEA group (Fig 1).
Postoperative use of intravenous vasodilators to control
excessively elevated blood pressures (systolic blood pres-
sure > 200 mm Hg or a >40% rise above normal) was
required for 8 (6%) patients in the s-CEA group and for
20 (24%) patients in the e-CEA group (P < .001).
Furthermore, postoperative use of intravenous vasopres-
sors to maintain adequate systemic blood pressures was
required for 13 (10%) patients in the s-CEA group and for
none of the patients in the e-CEA group (P < .004, Table
II). This incidence of postoperative hemodynamic insta-
bility was not surgeon specific.
The rate of postoperative complications between the
two study groups was not statistically different. In the s-
CEA group, hematoma developed at the incision site in 1
patient (0.7%), 2 patients (2.4%) had myocardial infarc-
tion, 2 patients (1.5%) had strokes, and 1 patient (0.7%)
died. In the e-CEA group, neck hematoma developed in 1
patient (1.2%), 2 patients (2.4%) had myocardial infarc-
tion, 2 patients (2.4%) had strokes, and 1 patient (1.2%)
died (Table III).
Table I. Characteristics of patients undergoing s-CEA and e-CEA
Patients s-CEA (n = 137) e-CEA (n = 82) P value
Male 83 (61%) 52 (63%) NS
Female 54 (39%) 30 (37%) NS
Age (y) 71 73 NS
Symptomatic stenosis 55 (40%) 29 (35%) NS
Asymptomatic stenosis 82 (60%) 53 (65%) NS
CAD 87 (64%) 41 (50%) .05
HTN 92 (67%) 53 (65%) NS
DM 35 (26%) 26 (32%) NS
NS, Not significant; CAD, coronary artery disease; DM, diabetes mellitus.
Table II. Incidence of intraoperative carotid sinus nerve blockade with 1% lidocaine and postoperative use of intra-
venous vasodilators* and vasopressors†
Patients s-CEA (n = 137) e-CEA (n = 82) P value
Carotid sinus blockade (lidocaine) 26 (19%) 16 (20%) NS
Postoperative intravenous vasodilators 8 (6%) 20 (24%) .0001
Postoperative intravenous vasopressors 13 (10%) 0 .004
*Intravenous vasodilators were used postoperatively if systolic blood pressure was > 200 mm Hg or if it increased >40% above normal.
†Intravenous vasopressors were used postoperatively if systolic blood pressure was < 90 mm Hg or if it dropped >40% below normal.
NS, Not significant.
Table III. Postoperative complications after s-CEA and e-CEA
Complication s-CEA (n = 137) e-CEA (n = 82) P value
Neck hematoma at incision site 1 (0.7%) 1 (1.2%) NS
Myocardial infarction 2 (1.5%) 2 (2.4%) NS
Stroke 2 (1.5%) 2 (2.4%) NS
Death 1 (0.7%) 1 (1.2%) NS
NS, Not significant.
DISCUSSION
HTN in the perioperative period has the potential to
cause significant morbidity and can lead to myocardial
infarction, cerebral hemorrhage, stroke, and death.18,19
Patients with preoperative HTN are at an increased risk for
developing postoperative HTN.20,21 In our patient popu-
lation, although the incidence of preoperative HTN was
similar in both groups (65% in the e-CEA group vs 67% in
the s-CEA group), postoperative blood pressures within
the first 24 hours were significantly higher after e-CEAs
than after s-CEAs. After e-CEA, there was a four-fold
increase in the use of intravenous vasodilators to control
excessively elevated blood pressures in the immediate
postoperative period. Furthermore, substantial postopera-
tive hypotension requiring intravenous vasopressors to
sustain an adequate blood pressure developed in none of
the patients in the e-CEA group and 10% of the s-CEA
group. During the procedure, local anesthetic (1% lido-
caine) was injected around the carotid sinus when sus-
tained bradycardia and hypotension were encountered
during dissection of the carotid bifurcation. Although
carotid sinus nerve blockade can result in postoperative
HTN,22,23 its incidence in our patients undergoing s-CEA
(19%) and e-CEA (20%) was similar.
Because the incidences of preoperative HTN and
intraoperative carotid sinus nerve blockade were similar in
the patients undergoing both s-CEA and e-CEA, it is
likely that the etiology for increased postoperative HTN in
the e-CEA patients is related to the procedure itself. One
of the foremost differences between the two techniques of
CEA is the location of the carotid arteriotomy; s-CEA
requires a longitudinal arteriotomy on the anterior surface
of the carotid artery, whereas e-CEA requires an oblique
transection of the ICA at the carotid bulb. Hence, unlike
s-CEA, during e-CEA it is inevitable that carotid sinus
nerve fibers innervating the baroreceptors located in the
adventitia of the proximal ICA are transected (Fig 2).
While intact, the carotid sinus baroreceptors sense intra-
carotid pressure when the vessel wall stretches. This
increased nerve impulse is translated by the vasomotor
center in the medulla as clinical HTN and results in a neg-
ative feedback via the sympathetic nervous system, causing
a decrease in heart rate and contractility, vasodilatation,
and hypotension.12 Because the function of these carotid
sinus baroreceptors is to regulate arterial pressure, once
denervated during e-CEA, intraoperative and postopera-
tive HTN may well be encountered. The incidence and
magnitude of postoperative HTN would be even more
remarkable in the absence of intravenous vasodilators in
the e-CEA patients and vasopressors in the s-CEA
patients. At our institution, all CEAs were routinely per-
formed under general anesthesia. Murphy et al24 have
reported their experience with the use of general anes-
thetics during CEAs; they suggest that the resulting
vasodilatation causes a loss of cerebral autoregulation and,
therefore, an increased dependency of cerebral blood flow
on elevated systemic pressures. Loss of baroreceptor reflux
after carotid sinus nerve interruption further augments the
increase in systemic pressures. Our findings of postopera-
tive HTN following transection of the carotid sinus nerves
are supported by several other reports.9,12,17,25,26
Although none of them compared the techniques of s-
CEA with that of e-CEA, they all concur with our findings
that destruction of the baroreceptor apparatus results in
postoperative HTN. Angell-James et al12 reported their
experience with the effects of CEA on the mechanical
properties of carotid sinus and its nerve activity. They mea-
sured impulses from the carotid sinus nerve in patients
after CEA and correlated these measurements with post-
operative HTN. These authors noticed that with increased
carotid sinus nerve activity, the postoperative blood pres-
sure fell. On the contrary, in cases of decreased nerve
activity, postoperative blood pressure increased. Gottleib
et al17 analyzed the effects of carotid sinus nerve blockade
on the hemodynamic stability after CEA. In a prospec-
tively randomized study of buvicaine verses saline solution
placebo injections into surgically exposed carotid sinus,
they analyzed postoperative blood pressures and con-
cluded that carotid sinus nerve blockade results in an
increased risk of hypertensive episodes. Bove et al9 and
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Fig 2. Carotid sinus nerve (CSN) fibers tethering the origin of
the ICA and the ECA. A, Longitudinal arteriotomy during s-
CEA. B, Circumferential transection during e-CEA.
McGuirt et al25 reported their experiences on postopera-
tive HTN associated with CEA and radical neck dissec-
tions, respectively. They attributed a 20% to 25% incidence
of postoperative HTN to denervation of the carotid sinus
baroreceptors. Wade et al26 described a 20% incidence of
HTN with unilateral CEA and a 38% incidence with bilat-
eral CEA. They, too, attributed this response to destruc-
tion of the baroreceptor apparatus during mobilization of
the carotid bifurcation.
Revascularization of the cervical ICA provides protec-
tion against ischemic stroke and can be achieved through
s-CEA or e-CEA. s-CEA is performed through a longitu-
dinal arteriotomy on the anterior surface of the CCA and
ICA and is closed with or without a patch. e-CEA requires
an oblique transection of the ICA at the base of the
carotid bulb. The carotid sinus baroreceptors lie within
the adventitia of the carotid bifurcation tethering the ori-
gin of the ICA. During ICA transection at the carotid
bulb, these longitudinal nerve fibers are transected, result-
ing in the loss of baroreceptor reflex and postoperative
HTN. Although the technique of e-CEA has been shown
to be safe, effective, and durable, we might be able to
improve on its limited morbidity and mortality by pre-
serving the carotid sinus nerve fibers whenever possible
and by exercising vigilance in diagnosing and controlling
postoperative HTN.
REFERENCES
1. North American Symptomatic Carotid Endarterectomy Trial
Collaborators. Beneficial effect of carotid endarterectomy in sympto-
matic patients with high-grade carotid stenosis. N Engl J Med
1991;325:445-53.
2. Executive Committee for the Asymptomatic Carotid Atherosclerosis
Study. Endarterectomy for asymptomatic carotid artery stenosis.
JAMA 1995;273:1421-8.
3. Moore WS, Mohr JP, Najafi H, Robertson JT, Stoney RJ, Toole JF.
Carotid endarterectomy: practice guidelines. Report of the ad hoc
committee to the joint council of the Society of Vascular Surgery and
the North American Chapter of the International Society of
Cardiovascular Surgery. J Vasc Surg 1992;15:469-79.
4. Cao P, Giordano G, De Rango P, Zannetti S, Chiesa R, Coppi G, et al.
Eversion versus conventional carotid endarterectomy: late results of the
prospective multicenter randomized trial. J Vasc Surg 2000;31:19-30.
5. Ballotta E, Da Giau G, Saladini M, Abbruzzese E, Renon L, Toniato
A. Carotid endarterectomy with patch closure versus carotid everesion
endarterectomy and reimplantation: a prospective randomized study.
Surgery 1999;125:271-9.
6. Darling RC III, Paty PS, Shah DM, Chang BB, Leather RP. Eversion
endarterectomy of the internal carotid artery: technique and results in
449 procedures. Surgery 1996;120:635-40.
7. Jones CE, Jescovitch AJ Jr, Kahn A, Walters GK, Johnson CJ.
JOURNAL OF VASCULAR SURGERY
Volume 34, Number 5 Mehta et al 843
Technical results from the eversion technique of carotid endarterec-
tomy. Am Surg 1996;62:361-5.
8. Shah DM, Darling RC III, Chang BB, Paty PS, Kreienberg PB, Lloyd
WE, et al. Carotid endarterectomy by eversion technique: its safety
and durability. Ann Surg 1998;228:471-8.
9. Bove EL, Fry WJ, Gross WS, Stanley JC. Hypotension and hyperten-
sion as a consequence of baroreceptor dysfunction following carotid
endarterectomy. Surgery 1979;85:633-7.
10. Lehv MS, Salzman EW, Silen W. Hypertension complicating carotid
endarterectomy. Stroke 1970;1:307-13.
11. Towne JB, Bernhard VM. The relationship of postoperative hyper-
tension to complications following carotid endarterectomy. Surgery
1980;88:575-80.
12. Angell-James JE, Lumley JAP. The effects of CEA on the mechanical
properties of the carotid sinus and carotid sinus nerve activity in ath-
erosclerotic patients. Br J Surg 1974;61:806-10.
13. Gottlieb A, Satariano-Jaudem P, Schoenwald P, Ryckman J, Piedmonte
M. The effects of carotid sinus nerve blockade on hemodynamic sta-
bility after CEA. J Cardiothorac Vasc Anesth 1997;11:67-71.
14. Ahn SS, Marcus DR, Moore WS. Post–carotid endarterectomy hyper-
tension: association with elevated cranial norepinephrine. J Vasc Surg
1989;9:351-60.
15. Veith FJ, Hobson RW, Williams RA, Wilson SE. Vascular surgery,
principles and practice. 2nd ed. Vol 1. McGraw-Hill; 1994.
16. DeBakey ME, Crawford ES, Cooley DA, Morris GC. Surgical consid-
erations of occlusive disease of innominate, carotid, subclavian, and
vertebral arteries. Ann Surg 1959;149:690-710.
17. Raithel D, Kasprzak PM. The eversion endarterectomy—a new tech-
nique. In: Greenhalgh RM, Hollier LJ, editors. Surgery for stroke.
London: WB Saunders; 1993. p. 183-9.
18. Towne JB, Bernhard VM. The relationship of postoperative hyper-
tension to complications following carotid endarterectomy. Surgery
1980;88:575-80.
19. England R, Dean RH. Blood pressure aberrations associated with
carotid endarterectomy. Ann Vasc Surg 1986;1:304-9.
20. Asiddao CB, Donegan JH, Whitesell RC. Factors associated with peri-
operative complications during CEA. Anesth Ann 1982;61:631-7.
21. Skudlorick JH, Mooring SL. Systolic hypertensions and complications
of CEA. S Med J 1982;12:1563-5.
22. Elliot BM, Collins GJ, Youkey JR, Donohue HJ, Salander JM, Rich
NM. Intraoperative local anesthetic injection of the carotid sinus
nerve. Am J Surg 1986;152:695-9.
23. Tyden G, Samnegard H, Thulin L. Rational treatment of hypotension
after CEA by carotid sinus nerve blockade. Acta Chir Scand Suppl
1980;500:61-4.
24. Murphy FL, Kennel EM, Johnstone RE. The effects of enflurane,
isoflurane, and halothane on cerebral blood flow and metabolism in
man. Abstracts of scientific papers of the American Society of
Anesthetics 12th Annual Meeting; 1974 Feb; Chicago (IL). p. 63-4.
25. McGuirt FW, May JS. Postoperative hypertension associated with rad-
ical neck dissection. Arch Otolaryngol Head Neck Surg 1987;113:
1098-110.
26. Wade JG, Larson CP Jr, Hickey RF. Effect of carotid endarterectomy
on carotid chemoreceptor and baroreceptor function in man. N Engl
J Med 1970;282:823-9.
Submitted Apr 11, 2001; accepted Jul 10, 2001.
JOURNAL OF VASCULAR SURGERY
844 Mehta et al November 2001
Dr Benjamin Chang (Albany, NY). Dr Ricotta, members, and
guests. I would like to compliment Dr Mehta and his coauthors for
raising an interesting and often overlooked point regarding carotid
surgery. Many surgeons have found eversion carotid endarterectomy
to be technically simpler than standard endarterectomy. We at
Albany have been using it almost exclusively for several years. During
the past 5 years, we have performed 3185 eversion endarterectomies
under cervical block anesthesia with a 2% rate of blood pressure insta-
bility of any kind. During the same period, we have performed an
admittedly selected group of 148 elective eversion endarterectomies
under general anesthesia which is comparable to the group that you
presented. The rate of hypertension of a significant nature in this
group in our hands was 11.5%, and interestingly (which would tend
to also agree with your data) we never saw hypotension in this group
but always hypertension. We do not, unfortunately, have a compara-
ble group of general anesthesia/standard carotid endarterectomy
patients over the same time period, although your rate of 6% hyper-
tension agrees with historical data from our institution dating back
to when Dr Corson was working with us and with other reports that
are in the literature. So, while I tend to agree with the possibility that
eversion endarterectomy may increase the likelihood of hyperten-
sion, I wonder whether this is such a pronounced difference as you
see. In addition, I think the problem is largely obviated by the use of
cervical block anesthesia anyway.
My questions are, firstly, the patients in whom we had post-
operative hypertension problems tended to be those patients who
had preoperative hypertension problems in the sense of needing
multiple medications or having elevated blood pressure at the
time of induction or the start of operation. Did you see whether
this was the case in your study? All hypertensives do not behave
equally during endarterectomy.
Secondly, 10% of your standard CEA group experienced
postop hypotension requiring intervention versus none of the
patients in the eversion group. So another way of titling this
report would be to say that eversion endarterectomy prevents
postendarterectomy hypotension. More importantly, this means
that 15% of the standard group had blood pressure instability of
any kind requiring intervention versus the 24% in the eversion
group. This difference, I believe, is not significant. Can we con-
clude that the rate of postoperative blood pressure instability of
any kind is actually independent of the technique used?
Finally, and most importantly, given the difference of varying
importance in postoperative blood pressure instability, do these data
cause us to modify our clinical practice? Specifically, do we avoid
eversion endarterectomy? Do we avoid eversion endarterectomy in
patients with marked preoperative hypertension? And, is cervical
block anesthesia simply a good way to obviate this whole issue?
I would like to thank Dr Mehta for providing me the copy of
this manuscript, and, as an interesting side note, he is coming to
work with us in Albany this summer, so you can be sure that we
will pursue these questions to the proper measures.
Dr Manish Mehta. Thank you, Dr Chang. I appreciate your
insightful questions.
In comparing the incidence of preoperative and postoperative
hypertension, there was no difference between the two groups.
The incidence of preoperative hypertension in the standard and
the eversion CEA patients was 67% and 65%, respectively. In this
subgroup of patients with preoperative hypertension, there was
almost a two-fold increased risk of developing postoperative
hyperlaxity. This has been pretty well described in the literature by
others as well.
The major difference between your patient population and
ours, as you pointed out, is that all of our patients underwent
CEA under general anesthesia, while the majority of your cases
(98%) were done with a cervical block. General anesthetics have a
propensity to reduce the threshold for loss of autoregulation and
maintenance of blood pressure. This leads to an increased depen-
dency of cerebral blood flow on elevated systemic pressures. That
obviously is a problem in doing these procedures under general
anesthesia and may account for increased incidence of hyperten-
sion in the postoperative period.
To answer your next question regarding when should we per-
form CEA with the eversion technique and with which anesthetic,
the technique of e-CEA is associated with a limited morbidity and
has been shown by your group at Albany and others to be safe,
effective, and durable for treatment of symptomatic and asymp-
tomatic high-grade ICA stenosis. However, the eversion tech-
nique does involve transection of the carotid sinus nerve fibers,
and according to our data, can lead to an increased risk of post-
operative hypertension. In clinical practice, we might be able to
improve on the limited morbidity and mortality of the procedure
by preserving carotid sinus nerve fibers whenever possible and by
exercising vigilance in diagnosing and controlling postoperative
hypertension.
Our study did not compare the use of general versus cervical
block anesthesia, although data from your as well as other insti-
tutions would support the premise of a decreased incidence of
postoperative hypertension with the cervical block.
To our knowledge, this is the first study comparing incidence
of postoperative hypertension following s-CEA and e-CEA, and
our findings of increased hypertension following transection of
carotid sinus nerve fibers are supported by several other reports.
In view of our data and that of several other reports, I find it hard
to justify that blood pressure instability of any kind is independent
of the operative technique used.
Finally, Ben, I do like your suggestion that we could change
the title to “eversion endarterectomy prevents post-CEA hypoten-
sion” since 10% of the patients in the s-CEA group and none in the
e-CEA group developed sustained hypotension requiring intra-
venous vasopressors. Maybe we can pursue this further when I join
you guys in July.
Dr Benjamin Gibbs (Rapid City, SD). I enjoyed both the pre-
sentation and Dr Chang’s comments. It is fascinating to me that
observations of people doing carotid operations can be so differ-
ent. In 31⁄2 decades of a vascular surgical practice which has been
devoted largely to eversion carotid endarterectomy, we rarely see
hypertension but frequently see temporary hypotension. Our
eversion technique is different from that which is typically
described. Instead of transecting the artery, we simply make a lon-
gitudinal arteriotomy which is confined to the carotid bulb. We
slide the scissors proximally, divide the intima, and then, placing
downward traction on the plaque, use an eversion technique to
clear the distal disease. That method has resulted in good out-
comes which we have reported and has a low incidence of
restenosis, so I am an advocate of the eversion technique. The
simplicity of our method results in brief operations and brief
occlusion times. Typical occlusion times range from 6 to 10 min-
utes in nonshunted patients. I think there has been some sugges-
tion that hypertensive factors such as vasopressin release may be
clamp-time related. This is the only way that I can explain the dif-
ference of our experience with regard to postoperative blood
pressure from what others describe. I wonder if you measured
your clamp times and if there was a difference between your ever-
sion method and your standard method.
Dr Mehta. Thank you for your comments. Attempting an
eversion endarterectomy through a longitudinal incision on the
carotid bulb is another modification of the technique. Although I
do not have much experience with this modification of the tech-
nique, it preserves the carotid sinus nerve fibers and helps explain
why you rarely see postoperative hypertension in your patient
population. However, I would question the ability to perform an
adequate endarterectomy and particularly visualize the end points
through a small incision on the carotid bulb. As for postoperative
hypotension, I think this is a fairly common phenomenon. As we
remove the plaque from the intima and media, the baroreceptors
that lie within the adventitia become more susceptible and obvi-
DISCUSSION
ously more sensitive to the pulsatile pressure in the artery. The
stimulation of the baroreceptors leads to an increase in carotid
sinus nerve impulse, which is sensed by the vasomotor centers in
the brain as clinical hypertension. The vasomotor centers react to
these stimuli, leading to systemic hypotension.
To answer your last question, there was a difference in the
clamp times between the two groups. For the s-CEA, the average
clamp time was 32 minutes, and for the e-CEA, it was 21 min-
utes. Although prolonged clamp times might be a factor in the
release of vasopressin, renin, and angiotensin, and this has been
documented in some animal models, I think the activation of
these factors might be related to the systemic response of
hypotension seen with CEA. If the etiology of postoperative
hypertension was related to the release of vasopressin, renin, and
angiotensin, we should have noted a higher incidence of hyper-
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tension following s-CEA that were associated with longer clamp
times. That certainly was not the case in our experience.
Dr John Ricotta (Stony Brook, NY). Manny, I want to just
ask you a little bit about your anesthetic technique. I realize both
of these were under general anesthesia, but were the eversion
patients distributed across both centers? Even with general anes-
thesia, there are some anesthesiologists where you have no trou-
ble with hypertension or hypotension or other anesthesiologists
where it is a roller coaster the whole way. Were all the eversions
done in one center?
Dr Mehta. Thank you, Dr Ricotta. That is a great question.
Actually, all eversion and standard CEAs were done at the same
institution.
I want to thank the society for the privilege of presenting
our data.
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